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(57) Abstract 
A light 



(14) for h< 




at least one axially extending 
conducting element (13) having 
an axial length substantially greater 
than its width transverse the axis; 
the light conducting element (13) be- 
ing aligned axially with the element 
for emitting light (11) by means of 
ontainment (14) or an extension 
thereof; the, or each, light conduct- 
ing element (13) having a light input 
region such as an end face whereby 
light generated by the element for 
emitting light (I I) is caused to pass 
axially into the or each light conduct- 
ing element (13) by way of its asso- 
ciated light input region. Typically 
the axial length of the light conduct- 
Tement (1 3) is at leat throe times 

its width transverse the axis. The containment (14) or an extension thereof serves to locate the element for emitting light (II) closer to the 
light input region of the, or each, light conducting element ( 1 3) than to the major part of the containment (14) remote from the light input 
region or regions. 
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LIGHT EMITTING DEVICE AND ARRAYS THEREOF 
Technical Field 

This invention relates to a light emitting device and arrays thereof. The term 'light' is 
used in this context to include any form of electromagnetic energy where a need 
exists to generate it at one location for transmission and utilisation at a further 
location 

Background Art 

Light conducting elements, for example fibre optics, are a well known means of 
conducting light from a remote source to a desired destination. State of the art fibre 
optic cables allow relatively large amounts of energy to be transported through 
relatively small fibres that are flexible, strong, and water resistant. However 
inputting light energy into relatively small fibres from existing light sources can be 
expensive as the light sources were not necessarily originally designed for this 
purpose. 

Most light emitting devices consist of an element for emitting light such as a 
filament surrounded by a vacuum or a gas or gas mixture or an arc contained in a 
transparent housing. Alternative types of light emitting device are a light emitting 
diode surrounded by a solid transparent material. Light emitted from the source 
radiates outward and can be reflected or concentrated by external mirrors and /or 
lenses in the correct direction and at the required concentration. However suitable 
lenses and /or mirrors have to be accurately manufactured and are relatively 
expensive. In use they tend to absorb the energy that is being produced. Due to 
manufacturing limitations the lens and /or mirror can fail to be an optimised 
configuration to refract /reflect the light from the source. When otherwise 
appropriately manufactured by existing techniques such mirrors and /or lenses fail to 
control the light sufficiently. 

Light conducting fibres have a limited acceptance angle which means that unless the 
directed light is presented to the conducting element at the maximum angle or less 
the light is not conducted. Also every occurrence of reflection and /or lens 
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transmission can absorb or scatter between 10 and 30% of the original light. If we 
add to these losses from absorbtion and transmission Further losses can be added to 
those of absorbtion and transmission including: those from reflector shape and size; 
from surface input into the fibre; and through the bulb containment housing. When 
all these losses are added together there is left a relatively small balance from the 
transmitted original light. 

In order to overcome such losses many current designs utilise brighter and larger 
light sources. This comes at a price because apart from light such sources produce 
large amounts of heat which combined with bad directional control can lead to 
overheating of the bulb and the light conducting fibres. This leads to a requirement 
for an external fan or other cooling device which adds cost and bulk and an overall 
increase in energy required by the whole process. 

These factors all limit the commercial applications for light conducting elements as 
the commercial cost outweighs the usefulness of the product. Alternatively the size of 
the device and /or its energy requirements exceed those of components available to 
product designers. 

Disclosure of invention 

According to a first aspect of the present invention there is provided a light 
outputting device comprising: 

a containment for housing an element for emitting light; 

at least one axially extending light conducting element having an axial length 
substantially greater than its width transverse the axis; the light conducting element 
being aligned axially with the element for emitting light by means of the containment 
or an extension thereof; the, or each, light conducting element having a light input 
region such as an end face whereby light generated by the element for emitting light 
is caused to pass axially into the or each light conducting element by way of its 
associated light input region. Typically the axial length of the light conducting 
element is at least three times its width transverse the axis. 

According to a first preferred version of the first aspect of the present invention the 
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containment or an extension thereof serves to locate the element for emitting light 
closer to the light input region of the, or each, light conducting element than to the 
major part of the containment remote from the light input region or regions. 

According to a second preferred version of the first aspect of the present invention or 
the first preferred version thereof the containment incorporates a reflector located 
relative to: 

the element for emitting light and 

the, or at least one, light conducting element 
so as to reflect light from the element for emitting light into the, or at least one, light 
input region of the light conducting element. 

According to a third preferred version of the first aspect pf the present invention or 
any preceding preferred version thereof the containment incorporates a refractor 
located relative to: 

the element for emitting light and 

the, or at least one, light conducting element 

so as to refract light from the element for emitting light into the, or at least 
one, light input region of the conducting element. 

According to a fourth preferred version of the first aspect of the present invention or 
any preceding preferred version thereof the containment is substantially opaque and 
light can only pass out of the containment from the element for emitting light by 
way of the, or at least one, light conducting element. 

According to a fifth preferred version of the first aspect of the present invention or 
any preceding preferred version thereof there is provided heat transfer means such 
as a heat sink in intimate contact with, or forming an integral part of, the 
containment whereby heat generated by the element for emitting light can be 
dissipated. 

According to a sixth preferred version of the first aspect of the present invention or 
any preceding preferred version thereof there is provided heat transfer means such 
as a heat sink in intimate contact with, or forming an integral part of the, or at least 
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one, light conducting element whereby heat generated by the element for emitting 
light can be dissipated. 

According to a seventh preferred version of the first aspect of the present invention 
or any preceding preferred version thereof the containment serves to define a 
plenum about the element for emitting light whereby a vacuum or an inert gas or a 
mixture of gases to be maintained by means of the plenum about the element for 
emitting light. 

According to an eighth preferred version of the first aspect of the present invention 
or any preceding preferred version thereof wherein the element for emitting light is 
contained in an envelope within the containment and the envelope serves to define a 
plenum about the element for emitting light whereby a vacuum or an inert gas or a 
mixture of gases to be maintained by means of the envelope about the element for 
emitting light. 

According to a ninth preferred version of the first aspect of the present invention or 
any preceding version thereof there are provided means for varying the colour of 
light output by the device. 

According to a tenth preferred version of the first aspect of the present invention or 
any preceding preferred version thereof the element for emitting light comprises 
more than one light emitter so that the element for emitting light can be used to emit 
more than one light wavelength. 

According to an eleventh preferred version of the first aspect of the present invention 
or any preceding preferred version thereof the containment serves to provide a 
location means for the device adapted for complementary engagement with an 
external device whereby the device can be demountably attached by means of the 
light conducting element or an extension thereof to a further light conducting path in 
a predetermined position relative to some path datum. 

According to a further preferred version of the first aspect of the present invention 
the containment comprises a housing defining a passage in which the light 
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conducting element is located, the passage having an inner end located within the 
containment serving as a wall of a chamber within the containment; the chamber 
serving to locate the element for emitting light. Typically the housing is opaque. 

According to as first preferred version of the further preferred version of the first 
aspect of the present invention the chamber serves to house, or has a boundary 
region serving to define, means for reflecting or refracting light emitted by the 
element for emitting light. 

According to a second preferred version of the further preferred version of the first 
aspect of the present invention the containment incorporates integral fins or is in 
good thermal exchange contact with a member incorporating fins; the fins serving to 
radiate heat generated by the element for emitting light and conducted to the fins by 
way of the containment. 

According to a third preferred version of the further preferred version of the first 
aspect of the present invention or any preceding preferred version of the further 
preferred version the containment includes a yet further passage whereby the 
chamber can be communicated with from outside the device to provide for varying 
the pressure in the chamber and /or for supplying the chamber with a gas or vapour. 

According to a fourth preferred version of the further preferred version of the first 
aspect of the present invention or any preceding preferred version of the further 
preferred version the containment comprises two parts demountably coupled to one 
another so that on being uncoupled they serve to expose the interior of the chamber. 
Typically the two parts of the containment each provide or contain a path of 
electrically conducting material and when assembled the two paths are: 

electrically insulated from one another; and 

coupled to the element for emitting light 
to enable electrical power to be supplied to the element. 

According to a fifth preferred version of the further preferred version of the first 
aspect of the present invention or any preceding preferred version of the further 
preferred version the containment includes a further passage for a conducting means 
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for supplying electrical power to the element for emitting light. Typically the further 
passage can extend axially along, or radially from, the device. 

According to the first aspect of the present invention or any preceding preferred 
version thereof the element for emitting light comprises one or more of the 
following: a resistive filament; an arc; a discharge device; a solid state emitter (pn 
junction), a coherent light source with means for light stimulation and amplification. 

According to a second aspect of the present invention there is provided a method of 
fabricating a light outputting device according to the first aspect or any preferred 
version thereof is characterised by the steps of: 

providing the light conducting element in the form of a longitudinal member 
with end faces and an outer surface apart from the end faces; 

locating around the light conducting element a sleeve member of greater 
length than the light conducting element with a first end of the light conducting 
element at or near one end of the sleeve so as to leave a length of sleeve projecting 
beyond the opposite end of the light conducting element to the first end; 

the opposite end of the light conducting element to the first end forming, at 
least in part, the light input region; 

causing the sleeve member to be contiguously juxtaposed with the outer 
surface of the light conducting element; 

locating the element for emitting light in the length of sleeve projecting 
beyond the opposite end; 

deforming the length of sleeve so as to form together with the light input 
region of the light conducting element the containment for the element for emitting 
light; and 

sealing the deformed length of tube to cause the containment to form a gas 
tight enclosure for the element for emitting light. 

According to a first preferred version of the second aspect of the present invention 
the sleeve is of a similar material to the light conducting member and the step of 
causing the sleeve member to be contiguously juxtaposed with the outer surface of 
the light conducting element comprises a fusing operation. Typically the sleeve is of 
a translucent or opaque material having a thermal coefficient of expansion 
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comparable with that of the light conducting member. 

According to a second preferred version of the second aspect of the present invention 
or the first preferred version thereof the step of locating the element for emitting 
light in the length of sleeve projecting beyond the opposite end includes locating 
conductors for supplying energy to the element. 

According to a third preferred version of the second aspect of the present invention 
of any preceding version thereof the step of locating the element for emitting light in 
the length of sleeve projecting beyond the opposite end includes locating a mirror 
element for reflecting light generated by the element for emitting light to enable the 
mirror element to be enclosed with the element for emitting light in the containment 
prior to the deforming and sealing steps. 

According to a fourth preferred version of the second aspect of the present invention 
or of any preceding preferred version thereof the step of locating the element for 
emitting light in the length of sleeve projecting beyond the opposite end includes 
locating a lens element for refracting light generated by the element for emitting light 
to enable the lens element to be enclosed with the element for emitting light in the 
containment prior to the deforming and sealing steps. 

According to a third aspect of the present invention there is provided an array 
comprising at least two devices according to the first aspect of the present invention 
or fabricated by means of a method according to the second aspect and a light guide 
array linking the or at least one light conducting element to a light output location 
remote from at least one device. Typically at least one of the devices is coupled to a 
heat exchange means whereby heat generated by the or each device is dissipated 
such as by natural or forced convection utilising gas or liquid coolant 

According to a first preferred version of the third aspect of the present invention 
there is incorporated in the light guide array or the light output location means for 
varying the colour of light originating from at least one of the devices. 

According to a second preferred version of the third aspect of the present invention 
at least one of the devices is demountably attached to the array and a magazine of 
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replacement devices is located for the demountably attached device to enable the 
demountably attached device to be readily removed and replaced by a replacement 
device from the magazine thereof. 

An object of this invention is to collect light close to the source such as a filament, 
arc, diode, NP junction, laser or semi-conducting light emitting device where the 
light energy is at its most concentrated. This saves on a requirement for larger and or 
complex external lenses and mirrors. The light is positioned close to, and is fed 
directly into, a light guide, so saving energy losses which arise from the use of: 
reflectors, lenses, and containment housings. As the device can use any simple or 
complex state of the art system it can be mass produced. 

Even where direct connection is not required the light energy is output in a very 
concentrated form which allows smaller light guides to be connected to the devices 
output. This contrasts with larger light guides required with presently existing 
systems utilising less efficient light generation and conducting systems. 

Where very large amounts of energy are required, existing devices are limited by 
overheating of the separate components. The present invention enables a cooling 
system to be readily employed. If required excess heat energy can be made use of. 

The present invention also provides for devices of greater strength than heretofore to 
improve longevity. Typically these can be used in vehicles where, for example, the 
device can be linked to a vehicle cooling system. The invention also provides for 
devices to be much more efficient so in many cases avoiding the need for a cooling 
systems which is required in current applications. 

The combined emission and collection device, surrounds an element for light 
emission such as a filament or arc, or a laser or light emitting semi conductor device, 
by one or more light conducting elements, that are slightly spaced from the element, 
arc, etc. or in the case of solid state lights, i.e. light emitting diodes, the light 
conducting element is inserted into a solid body. In all cases the light conducting 
element, is designed to carry light from the source of the bulb, or device, to the edge 
of its case, through vacuum or gas, liquid or solid. The light conducting element can 
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stop at or on the inside of the case, or continue through the outer case, which is still 
sealed or solid, to a distance that is directly to the required output of the light, or to 
a distance and shape, that is suitable for the easy connection of flexible or other light 
guides, or light conducting devices. 

The number of these internal light conducting elements can be reduced by internal 
mirrors and or lenses, and their collection or function, enhanced by the use of state of 
the art materials, solids or coatings. The covering of the bulb, solid or coatings may 
no longer all be required, for the transferral of light, and therefore can now be 
constructed by moulding, from a non transparent state of the art material, for 
example a metal, that would allow the total device to be stronger quite apart from 
enabling the provision of any other desired property. A gas or liquid, or case can be 
used to circulate a gas, or liquid, to collect heat energy for cooling or energy 
maximisation, thorough for example a heat exchanger, which can be incorporated as 
part of the device. 

A fluorescent material can be used in conjunction with, or incorporated in, a device 
according to the present invention so that on being excited by light emission from the 
light emitting element the material fluoresces to generate a distinctive optical effect. 

The devices of the invention lend themselves to a wide range of applications some of 
which will be exemplified or referred to later. Usage of the invention in a 
communication context is particularly appropriate in view of the efficient usage of 
light and the possibility of miniaturisation made available by the present invention. 

Brief Description of Drawings 

Exemplary embodiments of the invention will now be described with reference to the 
accompanying drawings of light emitting and channelling devices in which: 
Figure 1 shows a side view of a first embodiment; 
Figure 2 shows a top view of a second embodiment; 
Figure 3 shows a side view of a third embodiment- 
Figure 4 shows from a top view a section through a fourth embodiment; 
Figure 5 shows a side sectional view of the device of Figure 4; 
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Figure 6 shows a side view of a fifth embodiment; 

Figure 7 shows a side view of a sixth embodiment; and 

Figure 8 shows the manufacture of a seventh embodiment. 

Figures 9A to C show longitudinal and end views of an eighth embodiment; 

and 

Figure 10 is a longitudinally vertical section of a ninth embodiment. 



Modes for Carrying Out Invention 



Figure 1 

Device 10 comprises of a light emitting element 11 housed in a containment 14 in this 
case of glass which serves to retain a vacuum in plenum 12 around light emitting 
element 11. Conducting elements 13 extend towards element 11 and serve to capture 
most of the energy emitted by the element 11. This energy is guided out of the 
device to the end of the light conducting element 13 outside the containment 14 
where the light energy can be used directly, or by way of a light emission system 
utilising fibre optic cable for onward transmission. Each light conducting element 13 
is solid and is sealed to the containment 14 at region 16 with axis A directed towards 
element 11. Each light conducting element has an axial length at least three times the 
lateral width of the conducting element meansured transvers the axis A. The sealing 
ensures a required vacuum is maintained in the containment 14. Each conducting 
element 13 has an end face E set square, and close to, emitting element 11 to provide 
for efficient light transfer from emitting element 11 into each conducting element 13. 

The containment 14 is mounted on a base 17 by means of which the device 10 is 
connected to a power supply. In this case the bases 17 comprises two main parts 
17A, 17B that are electrically insulated from each other by insulator 18 to provide a 
means of connecting the element 11 to a supply of electricity. The base 17 is formed 
with a screw thread 19 enabling the device 10 to be secured to a conventional socket. 



FIGURE 2 

Device 20 is similar in many respects to that described above in relation to Figure 1. 
However in this embodiment light emitting element 21 is located in a plenum 22 
having a gas filling rather than a vacuum. Containment 24 is made from quartz glass 
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and serves to locate conducting elements 23 with axis A directed towards and their 
end faces E close to and square with the emitting element 21 to provide for effective 
light transfer axially into each conducting element 23. Base 27 provides for the 
accurate location of the of the device. 

Figure 3 

Device 30 is constructed as described above in relation to Figure 1 saving that in this 
embodiment only one light conducting element 33 is located with its axis A and end 
face E directed towrads one side of light emitting element 31. Light from the other 
side of the emitting element 31 is reflected back into end face E of the conducting 
element 33 by a shaped and coated reflector 38. Base 37 functions in an identical 
manner to that of base 17 referred to in the description of Figure 1. 

Figures 4 and 5 

Device 40 has a light emitting element 41 surrounded by four conducting elements 
43A to D. The conducting elements 43A to D pass through the wall of containment 
44 by ways of seals, typically seal S for element 43B. Each conducting element 43A to 
43 D has longitudinal axis directed towrads element 41. End faces E of each 
conducting element within the containment are set squarely towards the emitting 
element 41. As a high power device 40 containment housing 44 is made from a state 
of the art ceramic material which is heat conducting and extremely strong. The 
containment has cooling fins 49. Plenum 42 serves to retain a gas filling. The light 
emitting element 41 is coupled by conductors CI, C2 of substantial cross section. 

Figure 6 

Device 60 has a light emitting element 61 is provided with a back reflector 68 which 
emits a narrow beam of light energy which is in turn collected by end face E of light 
conducting element 63 and so transmitted through containment 64 to output 65. 
Conducting terminals 67A, 67B provide electrical power to the light emitting element 
61 and the containment 64, in this case of plastics material, supports the terminals 
67A, 67B in relation to each other. 

Figure 7 

This embodiment is a device 70 similar to that described in relation to Figure 6 
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saving that light emitting element 71 is inserted directly into a light conducting 
element 73 to contact end face E of the conducting element 73. In this case 
containment 74 forms a part of light conducting element 73 which is of plastics 
material. The light emitting element 71 can be any state of the art electromagnetic 
energy emitting material and can be customised to match the light conducting 
element 73 or elements. The design of the whole device 70 is adapted to minimise 
any interference with the output of the electro magnetic energy while enhancing its 
functional efficiency. 

The light conducting element 73 is of quartz glass where necessary coated or multi 
coated or enhanced by a light modifying coating. The light conducting element 73 
can itself be made by one or more smaller coated elements fused together. These 
elements 73 can be manufactured from any state of the art material or process with 
coatings as above or process that can enhance transmission function of desired 
electro magnetic energy wave lengths. 

The shape of these light conducting element 73 is matched in number, size and shape 
to maximise the collection of electromagnetic energy from the light emitting element 
71. Preferably these light conducting elements 73 are solid, composite or hollow or 
liquid or any combination of these or other state of the art light guiding systems. The 
elements can be curved, flexible, sheathed, straight, coiled, amorphous, or have any 
property or shape that enhances its function, lenses or other state of the art light 
modifiers. Reflectors corresponding to those shown in Figures 3, 6 or 7 may be of 
any material or shape and can be used in or on any internal or external part of the 
device and be coated or treated with any state of the art coating or enhancement 
method. 

FIGURE 8A TO 8E 

This shows in sequence the fabrication of a light emitting device. 

Figure 8A shows a sleeve 81 of quartz glass with flame polished ends 82, 83. The 
sleeve is of length LI and internal bore B 



Figure 8B shows a light conducting element in the form of a quartz glass rod 84 
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length L2 and external diameter D with square cut ends 85, 86. 

Figure 8C shows the sleeve 81 positioned around rod 84 with end 82 of sleeve 81 
aligned with ends 85 of rod 84. As the length Ll of the sleeve is considerably greater 
than rod 84 the sleeve extends over a further distance X beyond end 86 of the rod 84 
to provide a recess 87. End 86 of rod serves as a light input region for light entering 
the rod 84 as will be described hereafter. 

The sleeve 81 and rod 84 are then fused together to form a unified structure. As the 
material of the sleeve 81 and the rod 84 are identical thermal cycling does not result 
in the generation of thermal stressing. If necessary the fused or otherwise linked 
sleeve and rod can be subjected to an annealing treatment to remove internal thermal 
stresses generated by the production process. 

Figure 8D shows the unified structure prior to closure of the recess 87 by heating and 
closing. Light emitting element 88 and conductors 89, 90 are shown located in the 
recess 87 with the light emitting element set 1mm, or closer, to end 86 of the rod 84 
which serves as a light input region for the rod 84. The outer length X2 of projecting 
length X of sleeve 81 is then heated and pressed to form a sealed closure through 
which conductors 89, 90 extend from the containment C for element 88. By 
juxtaposing light emitting element 88 very close to end 86 (the light input region) of 
rod 84 which serves as the light conducting element of the device the element 88 
when energised causes the device to function as a very efficient light utilising and 
supply means. Axis A of rod 84 is directed towards element 88. 

Figure 8E shows the completed device D with projecting conductors 89, 90 available 
for attachment to a power supply. The light emitting element 88 is shown within a 
plenum 91 which in this case has been evacuated to maintain a vacuum in the 
vicinity of the element 88. 

For use the device D can be used as a discrete item to provide a compact and bright 
source of light or be coupled to a further light conductor or other light using device 
by way of end face 85. If required the device can be used in conjunction with a light 
conductor which can split to create at least two further light paths or to provide a 
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lateral light projection from the side wall of the light conductor. 

The device D has been described in terms of a circular section sleeve 81 and a rod 84. 
However elements of other cross sections can be used depending on the required 
path to be provided for the light . In addition the cross section of the light 
conducting path can be changed for whatever reason. This the device D can be used 
as a circular section light source for a light conducting path which changes in cross 
section to provide an outlet, display, end of non-circular shape. 

Once the device has been formed the outside of the device, or at least of the 
containment, can be coated, such as with silver or other reflective medium, to 
optimise the output of the light emitting element into the light input region of the 
light conducting element. If necessary the step of forming the containment can 
provide for the containment itself, at least in the vicinity of the emitting element, to 
have a shape which contributes to the effectiveness of light output from the device. 
Thus with a coating the specially shaped region of the containment can provide an 
external mirror with the light emitting element at a focal point of the mirror. 
Alternatively the specially shaped region can form a lens providing for refraction of 
light emitted from the emitting element. 

In other embodiments of the device the step of locating the light emitting element 
within the sleeve length X can also include the location of mirror and /or lens 
elements relative to the light emitting element prior to the forming of the sealed 
containment. 

Figure 9A to C 

A light emitting device 11 has a containment made up of first and second coaxial 
thick walled tube members (first member 12 and second member 13) with a common 
longitudinal axis 14. The first member 12 and second member 13 are of tungsten. 
Molybdenum is also suitable. First member 12 has a spigot 15 which serves to align 
with annular recess 16 of second member 13. 

The first member 12 has a passage 17 extending through it in which is located a light 
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conducting element 18 of quartz coaxial with axis 14. The light conducting element 
has an axial length at least 2.5 times its mean width transvers the axis 14. The first 
member 12 is formed as a very close fit around the light conducting element 18 so 
that the first member 12 is in good heat transfer relationship with the element 18. 
Apart from the protection provided to the light conducting element by the first 
member 12 the heat transfer relationship serves to avoid the maintenance of any hot 
spots in the light conducting element by providing for efficient heat removal. The 
first member 12 is provided with an array of fins along its outer side, typically fin 19, 
to provide for an enhanced area for radiating heat transferred to the first member 12. 
Outer end 20 of the element 18 is located at the same level as outer surface 21 of first 
member 12. The outer surface 21 is provided with threaded holes 22 whereby a fibre 
optic harness and /or filter can be accurately aligned with and secured to device 11. 

The second member 13 has a second passage 23 extending through it in which is 
mounted units 25, 26 each made up of a quartz half rounded block each 
incorporating a conductor 25A, 26A. These conductors provide a pair of axial 
conductors for powering a light emitter as will be described hereafter. This 
configuration enables a good gas tight closure to be maintained while providing 
electrical power supply to a lamp forming a part of the device 11 as will be described 
hereafter . 

The assembled members 12, 13, their associated quartz member 18 and the pair of 
members 25, 26 when assembled serve to define a chamber 28 in which is located a 
light emitting element 29 in the form of a discharge lamp 30 having a pair of 
electrical terminals 31, 32 coupled to, respectively, conductors 25, 26 whereby the 
lamp 30 is energised. A polished mirror 33 is located in the chamber 28 at a suitable 
position relative to the light emitting element 20 to provide for light from the lamp 
30 to be reflected back towards input face 34 of conducting element 18. 

A further passage 37 extends radially through first member 12 and serves to provide 
means for pressurising and /or adding gas to the chamber 28 to enhance optical 
performance of the device 11. 

In this embodiment end wall 34 of chamber 28 formed by the end of quartz member 
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18 and end wall 40 of members 25, 26 are shown as plane surfaces. In an alternative 
embodiment one or other or both of end walls corresponding to end walls 16, 40 can 
be shaped to enhance the optical functioning of the device. Typically the end wall 
corresponding to wall 16 can be shaped to complement the shape of the adjacent face 
of the lamp 28 so as to enable the lamp to be set very close to the light input end of 
quartz member 18 so ensure that the light emitting element 29 is as close as possible 
to the light input end 16 of quartz member 18 for optimum transmission efficiency. 
Likewise a wall corresponding to end wall 40 provided by the conductors can be 
shaped and coated to provide an integral mirror to replace or supplement the mirror 
33. 

This exemplary embodiment shows a light emitting device making use of a casing in 
two or more parts (which can be insulated from one another) to enable an internally 
mounted light emitting means to be energised by way of the casing. The casing can 
contain gas or a solid based light emitting elements. The casings can be sealed in the 
case of a disposable device or be demountable so as to be capable of being serviced. 

The light emitting elements can be a filament (such as a tungsten) run at an 
incandescent temperature or a gas discharge capsule in the from of a quartz 
container with electrodes with a solid salt which when activated melts to produce an 
arc in a gas. 

FIGURE 10 

Light emitting device 41 is made up of a quartz light conducting member 42 with a 
flanged end 42A and a quartz body member 43. The members 42, 43 are fused 
together along plane P to create a chamber 44 in which there is located a light 
emitting element in the form of a discharge lamp 45. From the rear of the body 
member 43 there extends a quartz axial member 46 having a concave inner face 47 
having a mirror coating whereby to reflect light from the lamp 45 back towards face 
48 of the chamber which provides a light input face to conducting member 42. 



The axial member 46 serves to gas tightly house a conductor 49 for negative terminal 
50 of lamp 45. The axial member 46 when the device is being fabricated also serves 
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to provide a gassing duct for the chamber 48. Positive terminal 52 of the lamp 45 is 
supplied by a conductor 53 extending radially into chamber 44 

The device 41 can be used either as shown as a substantially quartz bodied 
component or be shrouded with a close fitting container corresponding to members 
12, 13 described in connection with Figure 1A. Which version is used depends upon 
the application. Use of a close fitting container as discussed earlier contributes to a 
device of great mechanical strength and also enables heat to be removed from the 
vicinity of the device. 

The design of a device as considered in the exemplary embodiments can either allow 
for the device to be opened up to enable the light emitting device to be replaced in 
part or provide for a disposable device which is replaced as a unit when it ceases to 
function. 

The device of Figure 2 is either used directly as a lamp unit or can be coupled to a 
fibre optic harness by means of the conducting member 42 or an extension thereof. 

The embodiments refer to the use of quartz. However other specialised glass or glass 
like materials can be used depending on the application involved. 

A casing when of metal or some other electrical conducting material can be coated or 
juxtaposed with insulating material to insulate or protect or seal the material relative 
to adjacent components. 

The light conducting elements (18, Figure 9; 42, Figure 10) have not been described 
in detail. However they can be solid or made from fibres coated with material having 
a lower refractive index which are fused together to provide a rod and a seal to the 
containment housing through which the rod passes. The fibres may be drawn before 
or as a collection after fusing into rods which can be parallel or coned 

If desired the rods can be further shaped into lenses or coated with material of 
varying refractive index either sequentially or radially. Coatings can be included on 
any part or parts of a collection of fibres or rods. The ends of the rods can be etched, 
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cut or otherwise shaped and can incorporate micro lenses. 

It is possible to provide a light conducting system of rods to provide a focusable 
light at their output which can be focused by remote control. Such control can also 
be used to control movement of lenses or mirrors mounted inside or outside the 
combined device and light conducting rods. 

A wide range of applications can be achieved by use of the proposed light 
outputting device. In addition without energising the light emitting element the 
device can serve as a static reflector such as for 'cats eye' type applications serving to 
define carriageways, lanes or road boundaries for land vehicles and at air ports to 
guide aircraft when ground manoeuvring. 

Industrial Applicability 

The various embodiments can be used on their own as light bulbs. In this form the 
outer end of the, or each, light conducting member can be left square with the axis 
of the member so that light is emitted in an axial direction. Such a device (or a 
plurality of them) can be used for downlighting. In an alternative version the end of 
the light conducting member can be cut at an angle to give a wedge shaped end so 
as to provide for illumination lateral to the main of the light conducting member. I a 
yet further version the outer end of the light conducting member can be faceted or 
otherwise shaped to provide a light output for decorative purposes. By having a light 
conducting member whose axial length is greater than its transverse lateral 
dimension (say a length at least three times its lateral dimension) the light emitted 
from the outer end of the conducting member is cool. Such light is beneficially used 
for locations where excessive heat generation can lead to damage or undesirable 
effects on the illuminated objects such as works of art, food stuffs, animals or 
humans. 

In other embodiments the device of the present invention can be used in 
combinations where the, or each, device is optically coupled by way of its light 
conducting member or members to one or more optical systems. By way of example 
a small lighting unit is envisaged made up of three devices according to the present 
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invention each utilising a primary light with two light conducting members 
extending therefrom. Each device serves to generate a primary colour (one red, one 
blue, one yellow) one of the two light conducting in each case is fused into a single 
central member so that with the three devices powered up the three primary colours 
are mixed in the central member to provide a white output. The remaining single 
light conducting member from each device is kept separate so that at the optical 
outlet from the unit there are four light outputs: the central white and single red, 
blue and yellow output. Such as device can be made in a small envelope and provide 
a range of illuminating functions. 

It is also considered that an embodiment of the present invention could be made up 
of a unit including one or more devices utilising a sold state light emitter (pn 
junction) could be used to not only to transmit light but also to respond to light 
falling on them from the or at least one light conducting element of the device. This 
takes advantage of the fact that such a solid state device on being energised by a 
current acts to emit light but also conversely if the solid state device is illuminated it 
generates a current. Thus with a device running in a steady state with the light 
conducting member radiating from its outer end a given light output in the event a 
change occurs causing the light output to be varied this generates a feed back effect 
detected by the pn junction emitter which would in turn be detected by appropriate 
circuitry connected to the pn junction. 

Any of the light emitting elements mentioned in connection with the embodiments 
can be used to provide for any wave length or be adopted to provide a combination 
of wave lengths of electro magnetic energy. Typically a light emitting element having 
different regions may be fitted within a given containment. Each region can be 
energised separately and each region serves to generate a different wavelength light 
compared to the remaining regions. 

The combined device mentioned above may have at any part or parts of its 
construction coatings that are so spaced that when a coherent light source of 
monochromatic light is emitted from the light emitting device. The combined effect 
being to amplify that emitted light that is then further enhanced by materials chosen 
for their release of electromagnetic energy, when stimulated by the energy from the 
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light emitting element or elements of the device. 

The device may be so shaped that the element is almost touching or slightly spaced 
from its containment so allowing the light to be collected close to the element but on 
the outside of the housing by a light conducting element attached to the housing 
containment and utilising one or more reflectors, to enhance the systems function. 

The embodiments shown in Figure 6 and 7 are particularly suited for remote light 
indication systems. The light conducting elements 63, 73 can be taken directly to a 
lighting requirement via one or more conduit guiding systems. The devices 60, 70 
would be disposable and held in place by a simple retainer The device can be 
removed from the remainder of the system for servicing or replacement without 
extensive or indeed any removal of local components such as bulkheads or cosmetic 
casings or coverings. 

Desirable light modification can be achieved at any point in a given device for 
example, by moving as shown in Figure 4 and 5 one or more of the light conducting 
elements 43 towards or away from the light emitting element 41 inside the 
containment housing 44. In this way the output light energy can be made more or 
less concentrated. 

Suitable existing devices and means can be used to provide for light generated by 
light emitting devices according to the present invention to be changed in scale of 
illumination, illumination level and in colour. 

Devices as mentioned above can require very little energy and can be used to 
provide miniature lighting; for all applications where powerful hands free light is 
required especially in hobbies such as attachment to diving equipment or fishing 
equipment as reel or rod illumination or other hobbies or pastimes, industrial or 
domestic situations. They can be made as disposable and /or sterile and /or reusable 
especially in medical and surgical applications. 

Miniature versions of the proposed devices can act as lighting or indication systems 
for miniature electronic assembles or components or act as relays or communication 
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links or activate remote control of equipment or other sub assemblies. Lengths of 
light guides can be supplied as part of the component, such that service or 
construction personnel can cut the fibre easily to the required length and insert the 
output end directly into a holding device or into a conduit as described above. 

One or more of these miniature devices emitting infra red or other wave lengths, into 
an adjacent similar light conducting element can be used to communicate a function 
or desired effect or message. The receiving fibre being connected in a similar way to 
a receiving and activation device. 

The element for emitting light can include a number of filaments or other light 
emitters so that the light emitting device can emit at least two different light outputs 
depending on which filament or light emitting device is energised. 

In addition an element for emitting light can be coated to enhance the direction of 
emission of light by the element 

The exemplary embodiments refer to the use of glass coatings for the light 
conducting element However if necessary other coating materials can be used 
typically metal ones or opaque or translucent ones to vary the light transmission 
characteristics. In addition coating materials can either be formed of or be in good 
thermal conducting contact with metal or other heat transferring means providing for 
heat generated by the light emitting element to be conducted away from the device. 

Coating of the light conductor will also serve to provide an optimised form of light 
transmission along the light conductor. 

In many applications heat will be readily dissipated from the device whether by 
natural or forced convection. In applications where the device is located in a confined 
space or for some other reason is liable to overheating then a thermal cut out can be 
incorporated in the device or in good heat transfer contact with it so that in the event 
of overheating the power supply to the light emitting element is cut off and the 
device allowed to cool until the thermal cut off device is enabled to restore the 
power supply. 
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In small scale applications systems according to the invention can be incorporated 
into clothing or articles or where ever general or artistic lighting requirements have 
a requirement for the characteristics mentioned in this application. 

For large lighting situations central lighting can be achieved by large versions of the 
above device. These large devices can utilise high power light emitting elements such 
as arcs. These devices can be used to light a whole building or other defined area. 
The large amount of heat generated by these units can be controlled in a safe 
maintenance area and incorporated into the heating system of the building, via heat 
exchangers and other state of the art exchange and control systems. The light is 
conducted from the light emitting unit, in this case an arc, via light conducting 
elements as described above. The containment for the arc and /or the light 
conducting element incorporate fins or other means to provide for efficient heat 
transfer from the containment and /or the light conducting element to a coolant 
circuit utilising gas or liquid coolant displaced by way of a natural or forced 
convention coolant circuit. Such units can be used to provide cold light for 
illumination but also to provide a substantial heat supply such as can be utilised to 
maintain or top up a heat supply for, say, an air conditioning unit. A typical use for 
such an installation would be in a store or supermarket where the arc system 
provides for general and sign illumination and the heat generated by the arc system 
can be used to provide for background air or water heating and /or air conditioning. 
Such a system can also be incorporated into day light collection systems as 
enhancement or back up with the energy being converted to heating water when the 
sunlight provides enough electricity for total lighting requirements but can reverse 
instantaneously should the sun be obscured such as by cloud. 

The above devices can be used in any situation where remote and/or efficient light 
or heat energy is required for communication or inspection or control or heating or 
educational or any other application. For example a small device directly connected 
to a flexible or other light guide can be kept on an enclosed or open reel which is 
then pulled out and used as an inspection light the device being on a reel which is 
sprung loaded so that when a retainer is released the light guide springs back into 
its case. 
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Either end of the light conducting device can be shaped as a lens or coated or 
modified to enhance function by any state of the art -process or light modification 
technique for example polarisation of the transmitted light. 

All or part of a light conducting element can be an amorphous light conducting 
material such that when pressure is applied to the external part of the light 
conducting element the shape of its end or other part is altered rather like a remote 
controlled amorphous lens. 

A particular application for the present invention would be for endoscope for 
internal inspection of human or animal bodies where the miniaturising possibilities of 
the present invention serve to provide for advantageous designs. 

The present invention provides for light outputting device and systems which can be 
utilised in a wide range of applications including: commercial and residential 
locations; medical and surgical sites; illumination of simple or elaborate displays, 
representations at point of sale devices; and control system displays varying from the 
simple to the very elaborate; signalling systems. 

The invention also envisages an array made up of at least two light emitting devices 
each being linked by a light guide array linking the or, at least one light conducting 
element of a device, to a light output location remote from at least one device. 
Typically the array can, where necessary, be cooled by natural convection. 
Alternatively heat exchange elements incorporated in the device or the light guide 
array or both can be subject to natural or forced convection flows of air, liquid or a 
mixture. As an example a large scale installation using powerful light and heat 
emitting elements can provide for efficient illumination and heating (with or without 
at least a partial contribution to air conditioning) of a shopping, catering, medical, 
commercial or manufacturing location. 

By incorporating suitable devices the invention can provide not only for fixed levels 
on illumination with any practical degree of definition but also for changes in light 
levels and colour. By incorporating mirrors and lenses within the enclosure it is 
possible for such devices to be small, accurately aligned and virtually incapable of 
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being damaged by anything except virtual destruction of the device. 

A device according to the present invention can be used for a range of applications 
where both light and heat are required to take advantage of inherent strength of a 
unit (for example of the type described in connection with Figure 8). By providing a 
small bore in the light conducting member the device can be used as a pre-heater for 
a fuel supply. 

Because of its inherent strength at least in small scale versions and its ability to 
operate at low voltages a device according to the present invention can be used in 
situations where safety is of paramount importance. In a decorative context low 
powered devices can be used in locations subject to crowding such as pubs, 
restaurants or transport such that in the event of damage, whether malicious or 
accidental will merely result in the loss of decorative illumination without exposure 
of conductors bearing life endangering voltages or currents. 

The present invention lends itself through one or more of its embodiments to a very 
wide range of applications. 

Electronic instrumentation where the light emitting elements for the device include 
single or multiple light emitting diodes, near infra-red emitter, single or multiple 
white lights. 

Other possible applications include 

Power usage Applications 

consumption/Brightness 

Low/ Bright devices Mass production of cheap devices for hobbies, inspection, medical, 

dental. 

Higher/ High brightness Miners head lamps, surgical, bicycle lighting industrial inspection 
Low/ Bright Particularly in miniaturised versions: Diving surgical, mining, video 

and digital cameras, automotive. 

High-Low voltage/ 
Special high brightness, 

high colour temperature Aircraft, automotive, marine, industrial. 

High /low voltage/ 

Very high brightness Domestic light bulb replacement. Mini light bulb replacement. 

High/Multi element, 
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Vandal proof lighting, energy efficient, safe light lighting system for 
hazardous environment, water heating or topping up in public utility 
uses, fire detection, security systems, hospitals, offices, retail, 
industrial, catering, hotels, large domestic. Air conditioning. 
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CLAIMS 

1 A light outputting device comprising: 

a containment for housing an element for emitting light; 

at least one axially extending light conducting element having an axial 
length substantially greater than its width transverse the axis; the light 
conducting element being aligned axially with the element for emitting light 
by means of the containment or an extension thereof; the, or each, light 
conducting element having a light input region such as an end face whereby 
light generated by the element for emitting light is caused to pass axially into 
the or each light conducting element by way of its associated light input 
region. 

2 A light outputting device as claimed in Claim 1 wherein the containment or an 
extension thereof serves to locate the element for emitting light closer to the 
light input region of the, or each, light conducting element than to the major 
part of the containment remote from the light input region or regions. 

3 A light outputting device as claimed in any preceding claim incorporating a 
reflector located relative to: 

the element for emitting light and 

the, or at least one, light conducting element 
so as to reflect light from the element for emitting light axially into the, or at 
least one, light conducting element by way of its associated light input region. 

4 A light outputting device as claimed in any preceding claim incorporating a 
refractor located relative to: 

the element for emitting light and 

the, or at least one, light conducting element 

so as to refract light from the element for emitting light axially into the, or at 
least one, light conducting element by way of its associated light input region. 

5 A light outputting device as claimed in any preceding claim wherein the 
containment is substantially opaque and light can only pass out of the 
containment from the element for emitting light by way of the, or at least one, 
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light conducting element. 

6 A light outputting device as claimed in any preceding claim incorporating heat 
transfer means such as a heat sink in intimate contact with, or forming an 
integral part of, the containment whereby heat generated by the element for 
emitting light can be dissipated. 

7 A light outputting device as claimed in any preceding claim incorporating heat 
transfer means such as a heat sink in intimate contact with, or forming an 
integral part of the, or at least one, light conducting element whereby heat 
generated by the element for emitting light can be dissipated. 

8 A light outputting device as claimed in any preceding claim wherein the 
containment serves to define a plenum about the element for emitting light 
whereby a vacuum or an inert gas or a mixture of gases to be maintained by 
means of the plenum about the element for emitting light. 

9 A light outputting device as claimed in any of preceding claims 1 to 7 
wherein the element for emitting light is contained in an envelope within the 
containment and the envelope serves to define a plenum about the element for 
emitting light whereby a vacuum or an inert gas or a mixture of gases to be 
maintained by means of the envelope about the element for emitting light. 

10 A light outputting device as claimed in any preceding claim incorporating 
means for varying the colour of light output by the device. 

11 A light outputting device as claimed in any preceding claim wherein the 
element for emitting light comprises more than one light emitter so that the 
element for emitting light can be used to emit more than one light wavelength. 

12 A light outputting device as claimed in any preceding claim wherein the 
containment serves to provide a location means for the device adapted for 
complementary engagement with an external device whereby the device can 
be demountably attached by means of the light conducting element or an 
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extension thereof to a further light conducting path in a predetermined 
position relative to some path datum. 

13 A light outputting device as claimed in Claim 1 wherein the containment 
comprises a housing defining a passage in which the light conducting element 
is located, the passage having an inner end located within the containment 
serving as a wall of a chamber within the containment; the chamber serving to 
locate the element for emitting light. 

14 A light outputting device as claimed in Claim 13 wherein the housing is 
opaque. 

15 A light outputting device as claimed in Claim 13 or 14 wherein the chamber 
serves to house, or has a boundary region serving to define, means for 
reflecting or refracting light emitted by the element for emitting light axially 
into the, or at least one, light conducting element by way of its associated light 
input region. 

16 A light outputting device as claimed in Claim 13, 14 or 15 wherein the 
containment incorporates integral fins or is in good thermal exchange contact 
with a member incorporating fins; the fins serving to radiate or otherwise 
dissapate heat generated by the element for emitting light and transferred to 
the fins by way of the containment. 

17 A light outputting device as claimed in any of preceding Claims 13 to 16 
wherein the containment includes a yet further passage whereby the chamber 
can be communicated with from outside the device to provide for varying the 
pressure in the chamber and/or for supplying the chamber with a gas or 
vapour. 

18 A light outputting device as claimed in any of preceding claims 13 to 17 
wherein the containment comprises two parts demountably coupled to one 
another so that on being uncoupled they serve to expose the interior of the 
chamber. 
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19 A light outputting device as claimed in Claim 18 wherein the two parts of the 
containment each provide or contain a path of electrically conducting material 
and when assembled the two paths are: 

electrically insulated from one another and 
coupled to the element for emitting light 
to enable electrical power to be supplied to the element. 

20 A light outputting device as claimed in any of preceding Claims 13 to 18 
wherein the containment includes a further passage for a conducting means 
for supplying electrical power to the element for emitting light. 

21 A light outputting device as claimed in Claim 20 wherein the further passage 
can extend axially along or radially from, the device. 

22 A light outputting device as hereinbefore described with reference to and as 
illustrated in Figure 1, or Figure 2, or Figure 3, or Figures 4 and 5, or Figure 6 
or Figure 7 or Figure 9 or Figure 10 of the accompanying drawings. 

23 A light outputting device as claimed in any preceding claim wherein the 
element for emitting light comprises one or more of the following: a resistive 
filament; an arc; a discharge device; a solid state emitter (PN junction), a 
coherent light source with means for light stimulation and amplification. 

24 A light outputting device as claimed in any preceding claim wherein the, or 
each, light conducting element is of fused quartz or other glass like material. 

25 A light outputting device as claimed in any rpeceding claim wherein the 
containment is of fused quartz or other glass like material. 

26 A method of fabricating a light outputting device as claimed in preceding 
claims 1 to 25 characterised by the steps of: 

providing the light conducting element in the form of a longitudinal 
member with end faces and an outer surface apart from the end faces; 
locating around the light conducting element a sleeve member of 
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greater length than the light conducting element with a first end of the light 
conducting element at or near one end of the sleeve so as to leave a length of 
sleeve projecting beyond the opposite end of the light conducting element to 
the first end; 

the opposite end of the light conducting element to the first end 
forming, at least in part, the light input region; 

causing the sleeve member to be contiguously juxtaposed with the outer 
surface of the light conducting element; 

locating the element for emitting light in the length of sleeve projecting 
beyond the opposite end; 

deforming the length of sleeve so as to form together with the light 
input region of the light conducting element the containment for the element 
for emitting light; and 

sealing the deformed length of tube to cause the containment to form a 
gas tight enclosure for the element for emitting light. 

27 A method of fabricating a light outputting device as claimed in Claim 26 
wherein the sleeve is of a similar material to the light conducting member and 
the step of causing the sleeve member to be contiguously juxtaposed with the 
outer surface of the light conducting element comprises a fusing operation. 

28 A method of manufacturing a light outputting device as claimed in Claim 26 
wherein the sleeve is of a translucent or opaque material having a thermal 
coefficient of expansion comparable with that of the light conducting member. 

29 A method of manufacturing a light outputting device as claimed in Claim 26, 

27 or 28 wherein the step of locating the element for emitting light in the 
length of sleeve projecting beyond the opposite end includes locating 
conductors for supplying energy to the element. 

30 A ethod of manufacturing a light outputting device as claimed in Claim 26, 27, 

28 or 29 wherein the step of locating the element for emitting light in the 
length of sleeve projecting beyond the opposite end includes locating a mirror 
element for reflecting light generated by the element for emitting light to 
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enable the mirror element to be enclosed with the element for emitting light in 
the containment prior to the deforming and sealing steps. 

31 A method of manufacturing a light outputting device as claimed in any of 
preceding claims 26 to 30 wherein the step of locating the element for emitting 
light in the length of sleeve projecting beyond the opposite end includes 
locating a lens element for refracting light generated by the element for 
emitting light to enable the lens element to be enclosed with the element for 
emitting light in the containment prior to the deforming and sealing steps. 

32 A method of manufacturing a light outputting device as hereinbefore 
described with reference to the accompanying drawings. 

33 An array comprising at least two devices, as claimed in any of preceding 
claims 1 to 25 or fabricated by means of a method as claimed in Claims 27 to 
32 and a light guide array linking the or at least one light conducting element 
to a light output location remote from at least one device. 

34 An array as claimed in Claim 33 wherein at least one of the devices is coupled 
to a heat exchange means whereby heat generated by the or each device is 
dissipated such as by natural or forced convection utilising gas or liquid 
coolant. 

35 An array as claimed in Claim 33 or 34 incorporating in the light guide array or 
the light output location means for varying the colour of light originating from 
at least one of the devices. 

36 An array as claimed in Claim 35 wherein at least one of the devices is 
demountably attached to the array and a magazine of replacement devices is 
located for the demountably attached device to enable the demountably 
attached device to be readily removed and replaced by a replacement device 
from the magazine thereof. 

37 An array comprising at least two devices according to Claims 1 to 25. 
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tct o x mw ztiz mim. <o^?M*-m\zt£m.<»%\&t>$kW. 
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17. &C3i*^3§>Wi&cD»gg£^K *HlC±o-C^+^<A^SW^ta 

#*g-es 5 i 5 Ki-5»#* i 3 unta i e Kia*©jfeW;&s». 

1 3ft^LM#*l 7 CiSa&ottttJ^gS. 

2 0. »ca»»»***K*K«**fMM-afc»»*it*a<Dfc>!>iott<oa 

2 1. fo<om»&mm\cteoXMi*fo\zmxfZt\ *fcttRE*»e>*S*lRU-J£ 
tf5s»**2 0 |C|2«©3tW^Sft 

2 2. SftWiaiBcogll 0. £fcttfS2ia, *fctt$g3Ek *fctt^4g]*3j:Ot 
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l jJ»5. 2 3 o^f *i*-JSl:Bto*B)AKI. 
2 5. WCii»»S*SjS«^4fctt*b<0^7^©J;5ft»!PI-*^ffe>*i'«>iB* 
3951 2 4©v>i* Jlx^-*K«a««03tffi*»«. 
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2 7. ^y-y*3»e*«»i:WC»W»6ff6iXv y -^»«t3lfie» 

3S*©*£ifiiH8 ??*tffiR****toM*« 2 6 KC«© 

2 8. ^U-^tf, 3fc^«SJ#©fi««#»fcEEaSt1-5»)K^«IS^i-5¥S 

n * ft tt*a n *w*> & # & ft* »*« 2 e c is*©* ttj^gB sr»ia-r 5 * 
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29. s»«j<o«si!«3fei^ffii-5^y-^<DS$f \z&%mm&fm-rzx'r 

v -t & ' ©3FKI K Sr «|&+ 5 ft * ©** fcEftt 5 * 7 1 y 7 fc#Mt 
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J; V«St * r s* :/©«Hc S ? -SfcfcSSftgsl? t *lc*f Ci£»«3g* lc« K 
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3 2. «W©[gffifcMLT»WLfc#tti;fiSBOffi+5#& 
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jgfeffj^-rs. ftttS'JiL-c, iiajtattt, *:E*ft;frfoMPfcfcv*t:o-c7</i' 
y ft X VJtm 7 r 4 Sr i fc 6i-^r«tt** 5 3y*-r 5 co v 

•5*<0*># < t h 3 fflfT?* 
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*%w<om i ©is«i©b 2©»s wv<-?. -§:fcfi*©j& 1 ©#$ 

#3§W©IS 1 ©«g«©B 3 ©#£ L w<-v> a >\ *fcfi*©ffi&©fcfrr 5 

#£f!©Sf5 1 ©J§fc©|fS4©#* Lvv«-i>. Sfcl«©fflt©jfetT-t-6 
#38W©f5 l ©«8S©S8 5 ©»* UvH>s>, 4fc!i-t©ftS©5fetfi-5 

UtUv'-faVCiM, "©- 4fcttd>fc< fcfc lfl©#G3W*fctfo 
**^©* 1 ©««©# 7©#4 LW<-5? 9 V, *fcf*^©ft£©Mrr 5 
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*3s?go^ 1 (ommvm s * uw<-v? 3 y. s/cii-twftswftfl-r s 

*3B^©|fE l <D<i«l©& l l <D»* LW<~y g y, t ©£frf- 

ti-t ^ Srffl v *r , * a SK-r- # km l rw softer $> « 

u f-Y^<****K*«rit«wit-r5«#*i-a. asm. ro^jy^s 
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oxm^n. Mc&&®&zm<>xyjy\zmmztit>®$:tktt-rz®$ : $:-r 

#£W©35 1 ©«tf$©S ?,t~#S Liv<(— ^<0®4(D»S U,V<-*>g j/ 

#36W©S6 1 ©H8#<D£ LW<— >©*5©»4 Ll^-fa > 

ftW*33ia5ft*«©fc»©*®Sr**fclo4fcl±«ft©3fc-u^hftftjR 
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, *y -droits ite»S*©IBlil8»<0R*H»©«S5J:9t>ifel^W-r5 

x&m<o%2<nw&<o% i©#* wv<-'?a ^ianii * y-:/«3fce# 

#*W©SB 2 ©ffi&©£5 2 ©#S Lv v<-i* a y, * felloe ©& l Lv^ 
^-fsJ'Kilitf, KS^©^i 9 t>5fefcfcW1-5*y -H-, % 

*3SW©S62©lg«©*3©#*Lvv<-^ 3 ^ ifcfctttoffitoftfrta 
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#S8W©#3©18«l;:,J:*Uf, **W©8l©li«fcJ:S'>fc< it>2o©£i 
■Mi6TM»bii6*, 4fctt*2©««lc*S#ifc. Sitf:©, 4 
fctt*ft< 1 t> l *ft< fc 1 looK»>63tv^*W*tt« 

CPy?t5W K-rWMv^ta«4t6jL5. a^tt, «*©'>*< 

**H©*3©«*<0*1 ©»*LW<-s?9 vlcifttf, W»*4< fc % 

ifia>&±ta*©fe**ft:l-afc»©#aAs* F-rM*tiJ«B* 



©i£v >3fc3§£:}o J; tmt^> * x A frttffi LT V * 5 m&g£#© V* T AfcoV n: & 
flftt, fcifctf, r©&«$r*!;:ft/flU ftipv^Afc!) ^•♦-Sit^TS 

w*tee»^c#Lr^^aEl■te. *fc«t. Lfet*ft£#<r K*fcH*©3iwf-f 

r©rtgB©3fc£iSiS£©&£. rt&©&*fcfii^XkSV^©P*lcj;o 

4fclia— T-oriK *©e»©fc»«c. k*fr^t^T*gfcfcS>*t&tta J *> 

*ifctli^<»JK, ±#©8**sj:?>S«l<nt5-t*5-ct«tt-r-efc6. 
, fcfcjttf. Sfi©-gpi:U-t|fi^AH6c:i:*5-c-§5«i3?^SraLT, 
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ftlHtt. *lSt«»il©«ifiBB«r*i-H-e*)*. 
312 0(4. *2Wt»«0±a5Ht*1-H-C«>S. 
S&30I4, *3«W»i<o«iaSHfe*1-HT?*>S. 
£4121(4. J:iiA>6fifc*4iafc»*oilr»Hfr*+H-e*S. 
35 5 0(4. J|t4B*>«MH5H*fli*-Brc*>S. 

mesa, W5^^©imsBi**i-H-e*>3. 

»9AH*^U|i9Ciatt. lR8flie»ttO«Bj3j:tNCSBfr^1-H7*>5 
SEl Ott. iO»^-»4^7^«©»U-)i»**14tf>tlDl*L.fc»)tSI*l 
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K»l l<O#fcflrtb*lfc*A0>«l(tl 6T?81M&*SS1 4|C*»**1. 

a. #*e«t»*tt, (»A«r«9io-c»feLfccaw*©*«©**<fc*>3« 

» C3i»»» UltWlO ]KMlc|«Rf-« <t 5 fc-*-* 1 7 izft 9 ft It 
f>ft,3„ r<D*&, l 7(4. ftftftl 8fc£oTEVMJ:m&*6»*h,fc2 

o<o£E»#i 7 a, lTBMi, mi l *««ftM6»fc«BM-5#«t-«! 

£20 
$30 

3 8lCioT, e«3?^3 3<0SSffiEflcSWL,XM*tl5o ^-*3 7I4, SB 

^4 0*54t;B5ia 



SS4 0(4. 4*©fi^S^4 3A&V>L4 3D{C£oTffl£ftfc38#S*4 
l4r*i-5. €*®3S4 3A/£^L4 3DI1. AS!#jK:riSS*4 3 B© 

fcft©->-;uS. fc»oT»i:i£*««4 4©ffifcii»1-.5. #£fS^4 3A 
^L4 3DB, g^4 l©;£t::|e]V^jgffi]£-^rf 5, WCai^aSrt©^* 

7V:Ki.42»±, ^^**Sr«o#**t-5. 3&3t£* 4 1 ^ *>& »> oWfifll 
(0I8C1, C2t=ioTig^$ix5 <1 

ffiEKJ:o-C*ft«>*i. 8Cii»^6 4£»oTffl;&6 5l;:i£e>ii5. 
-5t*6 7A, 67B;4S, 6 1 tC«jj£tt*S U r 7 

*##©»£»*** 6 4 5^71/6 7 A, 6 7 B SrElMH^JSi-S. 
3170 

*«£^lgtt, »3fcSJR7 K&mmi 3«?lcjSg»ASnr, eSS? 
*7 3©»KEK««rt-aifctl»V^ »6H^LTIWIL;fc»»::!WRL 

fcg«7or&5„ r.©»£. &cii»£3§7 4tt, ■Uv.i-vtmkfrh'fch 

*T,fc3te***7 3©-««r^J*+5. 38#«*7 1Hu V^i*ii©^5tEft«©e 
«i*^^-«c««»tJt i < , 3t€«H* 7 3 *fctt*ft©H*lc«E-g-*-5 i 
5tait-&h)-a:-C^5c:i:i5-e*S. £#©»* 7 0 ©Kim. £fi©«ttg® 

<g»K«7 3tt, l«*fctt«»ffl©J:»)/|>*v^-t-*nfcS*^ 
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tmmm&yiit-fzz. HJT^siEwa-f^ yyttttyvtxzm^x, 

ttlr-c# N x\XT*jvy y 4fc, i^X*fclifit,cD)fc£P83gc>&5l5 

fS8 Al2ft^L.S5 8E0 

fB8B0tt> g*d5 L 2, fl-S^Df, SilL^»f«S^8 5, 8 6 
^8Cl2li, *y-:/8 l«ffift8 2£u-;y K8 4©$&8 5£#*£-1tLT 

, □ v K8 4<D4tD»ji^ia**§Hfc^y-^8 ifcs-m-efcs. -w^.y 

-^©ftSL 1 12, ns/K8 4i"Pd>Jit3*^or-, ;* y -y*5n y K 8 4 ro«S 
SIS 8 6«t0fc*(C, ^t)lrgg»X(Ct5fc?)ffiOtX, <fS£^8 7£^|£1-5. n y 
K»«5cB8 6l4. *^iW*©^-C^+?.i5Kv n y K8 4 KitA-f Sft^fc 

. *!J-:/8 lfcltfa y K8 4©tt¥Hil3C-ei!>5©-C. jRJUIHC i o T«I& 
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#?S£L/£V\ &%£htz.t>\ Ztamvlrmx-VytZtitcx)) 

XhZ>. 3gft^Jf§8 8*5J:0<>S»8 9„ 9 0*5. b y K8 4 ©fc»«JtA^S« 
i L.r©li*iS:-t-5ny K8 4 <D*gB8 6 tc*f LT, 1 S V - 

i!9ffi< icmytmm^vx, <\i7f.8 7t>\cttmi-6^kzm-r. ft^-e. 

l©?l|ti)1-5ft$X©^ffli(gSX2*5j n ^$n^^§ixT, ®MW 
K8 4co«gB8 6 OfcAi>»£) <0^lciS<icMB+5i tic J; or, ^8 

©iffi< T-U£«r»tH-*± 5 K#&$*b/i7'i^-A9 l rtl^SHtv^. 

BfffiR^'J-^8 l*5it;By K8 4-C*triJiWLfc 0 L^L 
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gS9AH/£V>Lg5 9CII] 

*f (fRS 1 $B*f 1 2 doit/IB 2 SBm 3) a^#9±tffc*v£#ti:ii»ft#£*1- 
>t«ffllc®L-cv^5o !8im*12ft, *2Wl3<D«<lftl6ifil 
SB11TC#l2ft, -tHSrHaL-catF^iiKl 7*%U JtOtlctt 1 4 fcH 

*6©*s©3te#sis i saj&a-rs. 3tetas«*tt, 4 

fct> 2. 5{&<&«hft**r-r5. siswfi2tt, )tfc#3i^i8K>* 

fr0l::£ov^0tf»fcLT#*£*b, fl«Wl 2 ft, S^i 8 t 

ft#fc*e»n«l;:*>a. *l*ttl 2ic±oTft£»g£lc£tt£*T,5&3ft 
gilt LT, r©j|fc€i§Ba«ft, S**«oivMK«Sf*fr^5-fclwJ;or, 3fc£» 

attftrM^l 9S:**.. IlWl2Cei5tL5 
ffc&S*-f5»fcE««:JBjSL.T^5. Jl^l 8©^W«SP2 Oft, HWl 
2©*MW£B2 1 ilSICW«/Mcfl«+.5. *HI3cffi2 1 ft, ftC&2 2 Sr«i 

S2Wi3ii, ^n-*naLTSo<5m2a«S2 3Sr*rL., twft, 

2 5 A, 2 6 ASriia*A*vfcWra!*s^R<053eyn s^-Cfl^ftfc^y h 2 



5, 2 6m^ti^tm*)m-fbtix^i>. ^<omm*. &wm*v>mmwi-z 

gtS5v:/3 0<OJgfc>363fc£iR2 9riS{fcKU 7>y3 0AS«»t?aS^Jx5. 

^3 0*»t,«O3t«rC«HS*l 8©Aflffi3 4©#~iS»Klt-f3. 
tt©a»3 7*K 2£iioT»*t#lCjiVT. =f 2 8 tCjEA 

£LT, 1 <D***rt*l6i:ia.h+a. 

**lfe^liT-ri, ?J£«#1 8<niSaU8J:tfas#2 5. 2 6©««84 OK* 

ox««SHfcf L +v^2 8ojsa!a3 4*s, ¥e>ft«ffifc l-cssjis. ft# 

53S<Btf 1 8»*A*i»*«)*#K»<tlWE+*i!:*«-e**. 

tfc 

#t?» ***** ***fct*B#'<-^©*3t**Sr-&tr»re 

38***1*, 6*M&fln?»ffTa WvtrxT'sttKa) 7o>ybHt 
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<0, S&tiV y s» Kf'A' b (solid salt)#t»««Sr ; fr-t-5^3^x'^<0^ 
|c*ofc^Sc«*7*-fc/vi:i-5wi:dS-eS5. r»yy -> Kt^HlSttffc^ 

38*S«4 1 1±, 75>-i?*a«4 2 AlsJ:tWr«**att4 3«r*i-5^*3fc 
g*SStt4 2i»bf^»)±lfe.fL-C^5. ^^4 2. 4 3l±, ¥ffiP IC^o -C*l£ 

»®(*3ffi4 7&^r-t55HttSB«-4 6*SffiVTVT, -th^-toT. 7^4 5 

*»&**sitLT^^ >v<©«rai4 s icH+. ^®flSB4 8 iixevaw 4 2 - 

tt8ttt4 6tt. y^y"4 Stn-rJ-rx ■ *-$-7VV5 O0>fc»0>**4 9 
tt%#4 6iif+yA4 8©fc*«*^^? hcotttSr-r^.., 9Mt5 3 lei 

^isgicffitf-c^s. 

SS4 in. *i-i5ie. mtex&v =. v t- i: u-c&ffl-r &z.k& 
-ctaa^ 4fci±SBi ABiicffliiLr8awLfc«B*ti 2. 1 3ie*f(£;-r5#o*, 

5tl-»CfcJ:?le, Sot,t)ttt53y7t«)ftili:ioT, 

4 2, *fctt*©j|fi»4>ic < toX3t7r-< , ^-^-*^i»*i-*-t*T?# 
5. 
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BIBW>tisrP1»KnMM-8l». *fcBJMrufcfltt-llC. :©7r-f^ft 
X. »£-frJSR*5J:0%65*a y ^rtW4fctt^KB9tttt&ftfci':>'X4 
MTCtt, 4fctt^n^©)te*SBW©^«)«Si5* 5; fr»SP«-»«t»^^ 
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3fceiWWeiBftMS*#36W*«ffl+a. £S&Stt, Kfe *i. *l) 

f-Mwrfcaw-sjb-c. aw;****-*-*. 4Hwa»b»»><»¥-*e»**ta* 

SSI*. /h*v*»«»«fKo<6rfc*s-tJ*, &S*Sffloj$9H81£«r>t>fce>-r 

^9i<0-%ifc»«r*, m^mm^ (pn«^> 

iJO£e££feJSE8lia>feffc9±tf*wi#-rS* 3t*Si§+5^flt-C*<. 
io&fioco, *fcl*4>fc< t1 J Hi05t€*Slg^b ; &o±tcAWi-5? l 6lc 
jS^i-€.i5(^ffl-f-^-fc* 5 -e*fct^5rtt>#lt*^fc<'\ -*m, ±12 
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r©£fili. S*AS-?:©*H:a»^«lcJStA>if«!lx5^ itli^o» 
^©JMWtC**, lft*fctt*8«©£«*fc*iJfflL-C, f^y-MME** 

fi,Sff:t>L<H:1b« 1 a*^-ftH©«9f«j/j:SSfi*l£«ffl-C, 4fcli£<l£*L 
#5o 
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fflllfcfl*^**. fttf-f K©*£*< = Y<o-Uk VXfct&tZ " 
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is-e#5*r, r©KSSr)^SP+5wJ:i5t?#5. 
i r 6i£*a*A;h.5 r. t *s-ef 5„ 
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Sir, Kii J t«ir-^>t>t77 , 3 >^ • /<??t5. 



-28- 



*3wn4*fc, rosace* < 1 1 1 «©*e*w*«\ '>fc< 1 1 1 fiw 
o-c y £hx^Z'j>te < 1 1 2 -o«ig3fcs»r-# *) _hif kft-c^s r w t 

S*ffiOt*#, fi>W, W^!)^ gffl, mmBft>L<tt»fflft 
■fSr^-etSo It Attrt tn|fc*5 ± V f^XSriH^AftS ^iKiot, ±12 
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[ItajB] ¥^10<f-12fl2P (1 9 98. 1 2. 2) 

i o T#t Cii#>«S* HiKM U *e**»c«*sgf 4»* t 

2. M fci±*«niHHWMS. »«M^«6*»lo^«Kl: 

Sri" 5fH*« 1 KK*«>3fefflAK«. 

3. »3t»*t, 

T«*l^lcRWS*5l»**l4fcll2<OV^tti^i-«tcK«©3tttl*S». 
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3s*#* 1 ^ 5 «3^m*»-*CIB«©*WA»B. 

7. 3eetw*fc*»Lx^«*», *fci**«»Miio-*t4i-fc-hi/^ 
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8. StCii*^»^lflg»*^ l 5^©7'^i.^li^-r«.|ftt^l,. 

* ©*&g-i»d 5 363teISil?©* fc> 9 ©^ >~tn -^K i o X * 

ix6!t*« 1 7 ©v>-f Ha»-£Kffi*©#ffl;*)§SB. 
l o. SBJCi:or(Ja>]*nfc*©fe*^ft#**fc»©^SSr»*jiA/«:il* 

m i a>e> 9 ©v^ixA>-3S^iE«©*ffi^iSB. 

l l. J§#Ii*;65*»©!BftS&£fli*., ^iitior*3t5**ftfflLT«»© 
^SSSrlkffl-ctiaifjR^l*^ l o©v>Tft*»-*£iaii©3lfclitfj&«. 

ggx-* t# LTiff £©ffiBfc ft, 5<ib,©3fcfc$llSg!-St*- L ^tglc ® 9 f*r* 6 £ 

itf-C*S»#«iA>?> l l©v^HA>(JilE«©3tW*SB. 
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JS l «»6 2 3 mvf *tcia«©3Ea^gt« 0 



2 6. x tmtttfifrbftbn. *'0^ y -T'SWfcfte^ 

2 7. ^y-^d^ *fc«a««SfNE5S«S6:lcEEiSc-t-5fi»3Sff.»^-r5*S 
W 4 fc tt^FSK & ft 6> ft 5 f»#Jg 2 5 i' learajt w^ge^Kit-r 5 * 

2 6*fcl42 7lCl2«<Z>^ffl^g|l^*{5i-f-5*& > 

2 9. g*tfflilw4SSSC03felc^?a^-5^y-7'Wfi$ t t , lc*3tSlBSrffiei-S^x 

T?*5±5ti1-'5^ry7'Sr^tfS»*«2 5» 2 6. 2 7 *fct±2 8 (Clefts 

3 0. sMWwiaswjt^ata^y-ywg^tfic^ismsrKS-ri^x 



-40- 



izmmx-z oiz-rzxr y?zf;ttm*m2 54plji*92 9©v^na> 

UowSMtiTK, 4aJ:tJ«*fcli*ft<fct>l'Oio*fii»B**:* 
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